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The Anfwer 
OfUonfieur Mariotte to Monficnr ?ecquet,about the 
Opinion, that the Choroeides is the Principal 
Organ of Sight ; communicated to the Tublifher 
from Paris, and Englijhed as follows. 

SIR, 

Have in your Anfwer * feen the reafons , * m N „ „ 

which hinder you from believing that the ./ #t>^ 

choroeides isthe Principal Organ of Sighttbut V; 66 ** 6 ^,^, 

though they were very Acute, and carrieda great 7 '* 
deal of Probability with them, yet I did not find them ftrong 

** enough 
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enough to oblige me, to grant back again this Preeminence to 
the Retina. 

You fay, in your jfr/Z Obje&ion, that if the Sclerals and the 
Choroeides be taken away from an Eye that is very frefli , and 
that the Retina be left diftended on the Vitreous Hnmor, one 
fhall not be able to fee well through this membrane : whence 
you conclude, that it is not tranfparent enough , to let fo 
much light , as is fufficient for vifion pafs upon the Cfo~ 
roeides. 

In my opinion, there is good reafon to doubt of this confe- 
quence, feeing there may be a great deal of difference between 
the Retina of a dead Animal, after it hath been expofed to the 
Ayre, and that of a living Animal, while it is exactly fhut up 
between the Vitreous humour and the Choroeides. Different dif- 
pofitions do ordinarily change the qualities of things ; Fat, 
which is tranfparent when it is melted, grows opacous after it is 
cold again ; and the Tunica cornea of an Rye being held fome 
hours in ones hand, in a hot Ayre grows thick, and a little after 
entirely opacous. But to the end you may be perfwaded, that 
the Choroeides is fufficiently enlightned in a living Animal, you 
muft take the Eye of an Ox (newly kill'd) while it is hot, and 
cut it in two, in fuch manner that a good part of the vitreous hu- 
mour may remain extended upon the Retina •, then you fhall fee 
diftin&ly the colours of the Choroeides, the bafis of the Optick 
nerve,the trunck of the little vefTels which proceed from thence, 
and their difperfion through the thicknefs of the Retina, with 
fo much perfpicir.ty that you cannot even difcern, whether 
there be a Retina beyond the Vitreous humour or no. Hence 
you may judge, that the light, which the Objects fend to the 
Choroeides, is more than fufficient for vifion, feing that being 
much vveakned by the reflexion and by a fecond paflage through 
the Retina and the Vitreous humour, it is yet ftrong enough to 
form a clear and diftindl vifion of the Choroeides in our Eyes. 

Not that I deny the Retina to have fome whitenefs in a living 
Animal, and that it is a little lefs tranfparent than the other 
Humours, chiefly in that part which is contiguous to the Che* 
roeides ; and Nature may have made it fo on purpofe to tem- 
per the brightnefs of great lights, and to hinder dazeling 5 in 
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like manner as fhe hathfpread over our skin an infenfible Epi- 
dermis* to keep it from being too eafily hurt by thofe bodies 
that touch us, and by theExcefs of heat and cold. But if I 
mould abfolutely deny, that the Retina hath any opacity in a li- 
ving Animal, your Experiment would not convince me, it be- 
ing made but upon a Retina, whofe.more fubtle and tranfpa- 
rent parts are evaporated j and I might propofe to you for an 
example a piece of white paper, through which, when it is 
wet, one fees diftinclly enough whatever is contiguous to it; 
and which prefently refumes its firft opacity, when it js a little 
while expoied to the Air: And if this Example were not fuffici- 
ent, I might alledge t^e little Chryftalline, which is found in 
the middle of the Chryftalline humour of many Animals, and is 
as it were the kernel of it; the which, being as tranfparent as 
the other humours of the Eye in a living Animal, becomes in two 
or three daycs after his death white and opacous , notwith- 
ftanding that it be left inclofed in the Eye, and that the Exte- 
riour Chryftalline remain ftill tranfparent. 

Your fecond Experiment to prove the opacity of the Retina, 
which is to put it into water, is alfo extremely deceitful : For, 
you make no doubt but the ffyalceides, which invelopes the Vi- 
treous humour, is perfectly tranfparent: neverthelefs if you lay 
in a difli half full of water, part of the Vitreous humour, the parts 
of the Hyafoeides, which flick to it , will appear whiti/h and 
thick iikeafpiders web, although the Vitreous humour do ftill 
retain its tranfparency. It is not then a fufficient proof to know, 
whether the Retina be opaque in a living Animal, by putting it 
into the water : And by what tryal foever you make of it, after it 
has been expofed to the Ayre, you can draw no confequence to 
prove that it is opaque in its Natural ftate: For the Chryftalline 
it felf becomes 3 little thickifh in water, and if it be left there 
fome time, or expofed totnefroft, it becomes white and opaque 
likefnow. 

It is therefore neceffary for refolving our difference, and for 
knowing with certainty, whether the light of objects pafs al- 
m. ft all » mire to the Chereeidcs, or whether it isalmoft all inter- 
cepted I y the&ftsatj to bring obfervations made on the Retina 
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and the choroeides , while they are in their natural Gate, as I fiiall 
do in the following Experiment. 

Place by night alighted Candle very near your Eies.,andcaufe 
a dog-, diftant from the candle 8 or 10 paces, to look upon 
you, then you (hall fee in his eyes, alight fufficiently bright, 
which I hold to proceed from the reflexion of the light of the 
Candle, whofe image is painted on the Choroeides of the dog, 
which having much whitenefs and lufter caufes this very ftrong 
reflexion-, for if it proceeded from the Chryftalline or Retina, 
the fame appearance would be feen in the Eyes' of M>n, Birds, 
and other animals, who have the choroeides black, which is 
not found fo by us. It is therefore manifeft By this Experiment, 
that the luminous rayesdo pafs with a great deal of force as-far 
as the Choroeides , and that th&Rctina receives very little im- 
prefllon. Now this appearance is made in this manner: The 
little picture of the candle which is upon the choroeides oi the 
dog, (where is the Focus of the Chryftalline and other humours 
together} fendi'ngrayes back through thefe humours,. makes its 
reciprocal. Focus towards the candle,and by confequence the eyes 
which are near to the point, where thefe rayes do reunite , ought 
10 fee the Chryftalline of the dog very much illuminated. They 
shat are skilled inOpticks know the demonftration : and there 
is an effeclywholy like unto this, to be feen by a very eafy Ex* 
gerimenr. 

Place a round Glafs-bottle, full of very clear water,[8. or i o; 
paces from a Candle, and put behind the bottle, at near the di- 
H-ance of its Semidiameter, a white paper, in fuch manner that 
one may fee the light of the Candle, which hath paffed thorow 
the bottle, reunited in a little fpace upon the Paper 5 then they., 
who have their eyes near the Candle, ftall fee the bottle full of 
light, which will difappear, if you hold the paper either nearer 
so, or farther from the bottle. And if one hold a fmall lighted 
wax-candle iathe place of the Paper, and you hold your 
eye in the place of the former candle, you (ball, fee the bottle 
yet more enlightned then it was before: And one mayeafily 
Jedge^ that thelight which appeareth in the dogs eye, proceed- 
«ih fjookalikecaufe,. The fame experiment maybe made in 

the 



( 1027) 

the eyes of fever al other Animals, and particularly of Cats; is 
whofe eyes this light appears blewifli, wMch fhews, that it pro- 
cecdeth from their Choroeides which hath much of this Colour; 
but this Colour, nor any other which may be in the Choroeides^ 
brings no confufion to the Senfe of Seeing, for the Senfes re- 
ceive no impreflion from their own Organs. 

The reft of this hrft Objection hath almuft no other foundati- 
on, but an interpretation you give to fome words of my writing 
C 1 Efferent from my fenfe 5 for, when I faid, ihat dark and opaque 
bodies receive a great deal of impreflion from the light-, I did 
mean dark and opaque bodies both together* for it had been fuf- 
ficient for me to name dark bodies, fince all dark bodies are o- 
paque*, but my thought on this fubje&was, and (till is, that 
tranfparent bodies, as the Ayre, the Water, and the Retina in a 
living Animal, receive little impreflion from lighr, and that 
Opaque bodies receive a great deal, but that dark bodies re- 
ceive more then all other Opaque bodies^ and the Air and the 
Water a little lefs than the Retina. 

Nor do 1 believe, that darknefs is abfolutely n ceffary for Vi- 
fion, but only for a ftrong vifion ; nor that the picture of ob- 
jects ought to be exprefled on the Organ of Vifion j for, it fuf- 
ficethjthattherayes of each point of the Objects be reunited in 
adiftinctand feparated point, according as they anfvver one an- 
other 5 and you will eafily agree, that as a Convex glafs tna!;es 
the image of the Sun to appear on white paper with a great deal 
of brightnefs and light, and on black paper very obfcurely j al- 
though black paper ( which foon takes fire) receives a great 
deal more impreflion than white: So the rayes of illuminated ob- 
jects do'reunite on a whitim Choroeides >and exprefs there a vifible 
picture, and on a dark Choroeides ,a very obfcure one, and wMch 
cannot befeen 5 but then the impreflion is alfo much ftronger 
intheblack than in the white: And this is the caufe, why Men 
and Birds fee better and more diftinctly then the greateft part of 
other Animals i for their choroeides being black, nd by confe- 
quence very fenfible of light,, they contract much their pupil- 
la or fight-hole of the Eye, which makes the Raves, that 
pafs therefrom each poi&tot the Object, to be all very near the 
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Axis of the Chry{hllin,and to reunite more exa&ly in s point, 
then in the Eyes of mod: other Animals, which have their Chi- 
roeides white towards the Axis of Sight, and by confequence 
lefs ienfible of light, who in recompence can very much dilate 
the Pupilla of their Eyes, when they ftand in need of a great 
light > but alfo their Sight is not fo diftinft, becaufe the 
Rayes, which fall on the Extremity of theChryftallinejdointer- 
feclt the Axis too near in their refra&ion. 

It is true, that to fupply in fome fort this defe<5r, they have a 
little Chryftalline in the middle of the great one, and this little 
Chryftalline being of a morefpifsconfiftence then the great one, 
its refraction is alfo more ftrong, and makes the rayes, which 
come from one point in the Axis and pafs near he Center of the 
Chn, ftalline to refracl: more then it there had been but one 
Chryftalline, And by this mens the greateft part of the 
Rayes, which fall uponthe Extremity of the great Chryftalline, 
do interfecT: the Axis 5 which caufes their fight to be lefs con- 
fufed, although it be never fodiftincl: as that of Men and Birds, 
which have but one Chryftalline. Fifhcs have alfo a double 
Chryftalline, for otherwife theii fight would be more confufed 
than that of other Animals who 1, vein the Air, for their Chry- 
ftalline being fpherical, the rayes cut the Axis more unequal- 
ly than if it were lenticular and its convexities were of a grea- 
ter fphere^ and it ought neceflarily to be fpherical, becaufe 
the refraction of the Rayes, which pafs from the water into the 
Chryftalline, is very fmall, and would make its focus too far 
diftant if the ChryfLlline werelentxular. 

T he difficulty of your Second objection proceeds alfo from an 
Ambiguity of words, and confifs in knowing, what we are to 
fay it is,that hasagreat continuity and communic.ition with the 
Brain. My Hyfotbefis is, that the Nerves are all coated with 
the Pia Mater (which envelops all the Spinal Marrow) and 
have wkh it the fame continuity of fibers 5 fo that if thefe 
nerves be never fo litt e moved, the impreffion is cai tied to the 
Brain by the Continuity of thefe fibers ; and whether it be, 
that the texture is diflerent in Nerves of different fenfes ; or 
that they contain fome fp ricuous liquors which determine their 
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fenfations, by Tome differences they have among themfelves i 
it is certain, that the Nerves of Sight, in what manner foever 
they are moved, reprefent Colours and Lights? thoie of Hear- 
ing, Sounds, and thofe of the Touch, Paines, &c. 

Now the Choroeides is an Expanfion and dilatation of the P/a 
Mater ^ which enveloppes internally the Optique Nerve, and 
which comes from the tuberoiity of the Spinal Marrow, by a 
continuity of fibe s ? whence it follows, that how little foevet' 
the clwoeides be toucht, the impreffionmaybeeafiiy commu- 
nicated to the brain: And to the end, that the fame thing may 
befaid of the Retina, there maft be a little channel in the Optic 
nerve, through which the Retina in its proper Subftance ex- 
tends it felf to this tuberoiity t*y a continuity of Fibers •, which 
is not feen, and you are conftrained to fay, that there are little 
filaments of nerves which come from the interiour of the Op- 
tick, and expand themfelves through the Retina, which have 
this continuity 5 but if there were thefe filaments, they (hould 
fpread themfelves through the Retina,as from a Center to a Cir- 
cumference, and fhould lye clofer together near the Optick 
nerve, than a good way farther in the Retina: which neverthe- 
lefs we do not obferve to be fo. 

Befides, ifyouthruftapin through the thicknefs of the Reti- 
na,you will often meet with filaments ? but if you look on them 
through a Convex glafs, you will difcover, that they end in lit- 
tle veffels of Veins and Arteries, which are in the Retina? and 
infallibly, if there were any nerves^ you might find them in the 
fame manner, and they would flop the Pin, fince they are as 
hard and firm as the little Arteries? and when you fay, that one 
may diftinguifli thefe filaments in the water, becaufe the reft of 
the Retina difappears , 'that is repugnant to experience, and 
to what you have faid before, viz. that the Retina may be feen 
all white in the water, and without tranfparency > and you ought 
to fliew thefe filaments, orelfe welhalltake them for a thing 
invented at pleafure. 

You bring after that two Experiments > the fir (I of which is, 
that if an aperture be made on the upper part of the Eye, we 
may difcover thePiclure of the Objects on the anterior furface 
of the Retina-, but if this aperture be made in the white of the 
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Eye, the aqueous humour will run to the Tunica Cornea , and 
make wrinkles, which will hinder the Pidure from being diftind : 
Befides, he that looks in at this aperture, will hinder the Rayes 
of the Objed from parting into the Eye, and he (hall fee nothing 
there but his own image. But if you mean, that the Tunica Cor- 
nea Should be wholly taken off, there will not then be diftance 
enough between the chryfiallm and the Retina^ to make the Pi- 
dure diftind. In conclusion, I do not believe this Experiment 
can be made, muchiefs that it is to be difcerned whether this Pi- 
cture be formed on the anteriour or pofteriour furface of the Rett- 
»4, Since the thicknefsof it is lefs than half a line, or the 24th 
part of an inch > and there is reafon to believe, that you have 
trufted to the report of fome other concerning this Experiment 5 
or that you have believed the images which appear in the Eyes to 
be painted on the Retinajnhereas they proceed from the reflexi- 
on made on the exteriour of the Cornea. 

Your [econd Experiment is true and eafie to be made , but ac- 
cording to you it were impoflible • for, Since you hold, that it is 
on the anteriour part of the Retina, that the Pidure is feen , and 
that you have elfewhere faid, that one cannot well fee through 
this Membrane , it follows , that you cannot fee this Picture 
through the thicknefs of the Retina ; but becaufe I believe, 
there remains tranfparency enough in that part of the Retina 
which is not expos'd to the Air, I doubt not but the Pidure may 
be feen on the pofteriour part of it, after it is become fufficiently 
opake,though in a living Animal this Pidure pafleth as far as the 
Cboroeidesj as it hath been already proved : and if the Retina it 
felf were taken away, and there remained only the vitreous hu- 
mour, you might notwithstanding fee the inverted Figure of the 
Windows toward the bottom of the Eye, if you held it at the 
farther fide of the room •, in the fame manner as the Pidure is to 
be feen in the P<w«* of the fpherical Glafs-bottle fill'd with wa- 
ter, though itfeem to be on the exteriour furface of theGlafs; 
and by confequence this Experiment proves not the opacity of 
the Retina, 

In your third Objedion you quote, what I faid, a little other- 
wife thin I fpoke it ; for I put in my Writing, that the Retina 
was about half a line in thicknefs, and not half a line frecifely ; 
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which fhew'd, I had not meafur'd it exactly J but if it were but a 
quarter of a line oriels, it fufficeth that it had enough for the ef- 
fect I did attribute to it: And for another, I did alfo mention in 
my Writing, which is, that the Rayes of the fame luminous 
point,which do not unite precifely in the fame points in the Axis , 
are rectified by the concavity of the Retina, thofe that are far- 
theft off the Axis more than thofe which are theneareft, which 
is the reafon they unite better in the fame point on the cho oei- 
des ; the which point I hold (with you ) to be Phjfical, fince 
the points objective are fo too j but I hold it to be lefter ihan any 
that can be perceptible to the fight ; for we diftinguifli the dif- 
ferent parts of very fmall objects, as the extremities of the 
breadth of the little arteries of the Retina^ which make not an 
eigth part of its thicknefs > and that which reprefents this 
fmall breadth, muft be 2j or 30 times lefs in the Organ of our 
fight, that is to fay, in the proportion of the diftance of the 
Object, to the Centre of the fights arid of the- diftance of this 
Centre, to the Organ of vifion 5 and by confequence the thick- 
nefs of the Rttim is not proper for this fmallnefs. 

You fee,then Sir,that hitherto your objections have been able 
but very lightly to fhake my opinion, and that the tranfparency 
of the Retina is well enough eftablifhed: Let us come now to the 
proof jl make of the Wapt of Viftofj, on the Bafis of the Optick 
Nerve. 

It muft firftofall be agreed, that in this Experiment, almoft 
allmen do loofe fight of an intire circle of white paper, whofe 
diameter is about the ptb or totb part or its diftance from the 
Eye. Now the vifual Triangle, whofe Bafis is the Diameter 
of the Circle, and whofe top is the Center of vifion, is propor- 
tioned to the Triangle, whofe Bafis is the Diameter of the pi- 
cture of the Circle on the bottom of the eye, and the top, the 
fame center of fig t $ the wfcich center being diftant 6 or 7 lines 
from the baits or the optick n^rve, whofe breadth is about 1 of 
a line, this bafis alfo will be about the $*# or roth part of its 
diftance from the GOUter of fight, and by the Principles of Op- 
ticks, the Im ge of the cficle of the white paper, falling on the 
bafi» of the optiek nerve, will cover it precifely 5 and becaufe 
the Paper then wholly difappears, it follows, that all the bafis 
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of the Optick nerve is infenfible of light $. whence I conclude, 
that the choroeides is the Principal Organ of fight > and that the 
jfrt/'/Misnot, feeing it is placed in that part, and is there appa- 
rently difpofed in like manner as to the reft of the bottom of 
the Eye. 

To elude the force of this Argument, you alledge other cau- 
fes of this fault of fight ; the two firft are almoft like one an- 
other. But it feems to me, that you fuppofe them without any 
ground : for, as I faid before,there are no fuch filaments of nerves 
to be feen coming out of the bafis of the optick nerve - 7 befides, 
they are not proper for vifion , fince they would leave in the 
parts of the Retina too great intervals empty • and its neceflary, 
that every point of the Objecl find a fenfible point in the Organ 
of fight to unite his rayes there •, which is found in the chroeidcs, 
which is an Expanfion of the fenfible part of the nerve into a 
continued membrane. Befides, the caufes of the defect of vifion 
cannot be found in thefe Hypothefes 5 for in the firft, what rea- 
fon can be given, that there fliould be no extremities of nerves 
oppofite to the optick nerve, fince there would need only a Am- 
ple direct continuation of fome of its fibers unto the Anteriour 
part of the Retina $ and for the fecond (which is the particular, 
opinion) I fee not, how the void fpace in the middle of the in- 
verted Tuft, can comprehend all that extent of the bafis whence 
it proceeds, and why the filaments begin not to receive the im- 
preffion of the luminous Rayes, but upon the Extremity of this 
bafis, fincethe rayes of a luminous point, which unite themfelves 
in a point at the bottom of the Eye, come from divers points of 
the Chryftalline, andfo, if one part of thefe rayes were oblique, 
the other mould be perpendicular, and if all the Rayes fliould 
fall perpendicular on the Organ of fight, there would be no vifi- 
on, fince there is never but one fingle Ray of thofe which unite in 
a point, that falls perpendicular. But I (ball not inlarge my felt 
to demonftrate thefe impoflfibilities, fince 1 am perfwaded, that 
thefe inverted tufts, and thefe filaments of which they are conv 
pofed, arc but things without a foundation,and which you would 
have much a doe to fliew us. 

The other Caufe which you bring, is the trunk of the veflels 
which proceed from; the bafis of the nerve. Yet you cannoj 
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deny but they are very fmall, and that it is very hard to difcern 
the little holes through which they pafs,when the nerve is cut 
off above its infertion into the Eye-, and becaufe they often 
come out of thebafis by two feveral little holes, the diameter 
of each of which does not take up the fpace of above the eighth 
part of the diameter of the bafis •, it follows, that if the reft of 
the nerve were fenfible of light, we mould not loofe fight of a pa- 
per of two inches diameter at moft, at ten foot diltance: and 
fometimes in fixing one eye on a little piece of Paper, two other, 
very little ones, feparated one from the other, would difappear> 
which is contrary to experience: for the default of vifion is con- 
tinued. Seing than the reafons which you alledg of this default 
of fight are either infufficient, or want an allured foundation, it 
follows, that that which I propofe muft ftand, at leaft,in refpedl 
of any thing you urge againft it. And to confirme it.yet more, I 
will adde here fome reafons and obfervations,which are neither in 
my letter nor in my writing. 

The firft obfervation which is very common, is that of the 
Pupilla^iiates itfelf in the made 3 and contra&s it felf in a great 
light, and it is very hard to find the caufe of this unvoluntary 
motion, butbytheHypothefis, that the choroeides is fenfible 
of light, for then it is eafy to conceive that it being hurt by too 
ftrong a vifion, it may dilate or contract its fibers, which have 
one continuity with thofe of the forepart of the uvta,, fo that it 
can contract its aperture, and when it is not hurt, relax it again : 
whereas if the Retina befuppofed to be the Organ of fight, it 
will be very difficult to explain how this contraction is made. 

The fecond is that of the glafs bottle full of water, when a 
lighted candle is placed near its focus: for it is eafy to prove 
that if one hold h is hand between the Candle and the bottle, he 
will feel more heat than if he held it in the reciprocal Focus 5 
that is to fay, the place where the Rayes, which have paffed 
thorough the bottle, make a great image of the flame of the 
Candle appear inverted upon a white furface oppofed to it : for 
I draw this confequence, that the Image of a Candle, which is 
painted on th&Cbewides of a dog,as I haveprov'd to you,makes 
a much greater impreffion on the Ret na of the dog, than on 
that of him that lookes on it and fees it very bright 5 whence I 
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conclude that if the Retina were the Organ of fight, this dog 
would not fee the objects indifferently inlightned, which are 
about.the candle, although at 3 or 4footdiftance,becaufe they 
would receive a great ccal more impi ellion fronuhis reflexion, 
and that a great fenfation doth obliterate a lelTer $ which is con- 
trary to experience,and it is not at all likely,there fhould be fuch 
a defeft in the fight of Animals. 

The third is,that the Eyes of Birds arefo framed,that the Op- 
tique nerve after its infertion into the Eye is inflected, and ex- 
tends it felf on the Concavity of the Sckrotis about the breadth 
of 2 or 3 lines more or lefs according to the bignefs of the Eyes; 
and the lengthor this inflexion is covered by ihecheroeides > lea- 
ving but one little white ftreak in the middle, from whence the 
Retina takes its Original, which extends it felf on thechoroeides 
through all the bottom of the Eye, but it is covered on the fide 
of this white ftreak with a little black membrane as long as the 
inflexion of t'he nerve,and almoft as broad > which proceeds from 
the fia mater, and is as it were an appendix of the Cher eeides % 
and if you confider the fituation of this membrane, you will find 
it is near the Axis of fight, and that the rayes of the Objec'ts, 
which the Birds look on with both Eyes, fal/ precifely upon it 
after their refra&ion. Since then in the place, where Vifion 
ought to be ftrongeft, the Retina is covered, and that no man 
doubts but Birds are more clear-fighted than other Animals ; you 
ought to acknowledge, that the Retina is not the principal Or- 
gan of Vifion , but that that preeminence belongs to the cbo~ 
reeides. 

AN ACCOMPT 

Given ty DeBor Edward Brown, concerning the Copper-mint 
at Herrn- ground in Hungary, 

' Errn-ground is a little town ; feated very high between two 
Hills, upon a part of land of the fame name, an Hungari- 
an mile diftant from Ntwfol. In this town is the entrance into 
a large Copper-mine, very much digged. 

I went in through a ChmcuIu*, called Tach^fieln, and conti- 
nued divers hours in the Mine, and vifited many of the moll: re- 
markable 




